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The Study of Dynamic Effect on the Soil Water
Retention Curve During the Drainage
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ABSTRACT

Unsaturated zone is a very complicated multi-phase system. In order to understand
the hydrological characteristics in the unsaturated zone, the primary object is to obtain the
hydraulic conductivity. Previous studies showed that the hydraulic conductivity could
be estimated based on the soil water retention curve. Traditionally, the soil water

retention curve is obtained under static condition; however, the static condition does not

apply to the field and the dynamic effects should be considered. In this study, a series of
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laboratory experiments were performed to measure soil water retention curves during the
The

experimental results show that the water retention curves can be significantly

drainage and to assess the significance of dynamic effects on the curves.
differentiated under different flow and boundary conditions. At a given water content,
the dynamic capillary pressure is higher than the static capillary pressure during the
drainage and the difference increases with the increase of flux or head difference.
Dynamic coefficient decreases as the increase of saturation, and depends on the grain size
of porous media. Although the mechanisms of dynamic effects are unclear, their effects
on the water retention curve cannot be ignored and should be considered when

quantifying the hydraulic conductivities.

Keywords: Unsaturated zone, Soil water retention curve, Capillary pressure, Water

content, Dynamic coefficient.

— 2 =
A= [T

P NI EEE T VA i N VA D Sl o o= £ =]
0 B—ZET AR (multiphase system) * J& AR
(A S SRR AN - SRR AR T R AL
FEHRY7ZK ~ ¥E ~ FEZKAEAS I (non-aqueous phase
liquid, NAPL)DAK 2254, - HIFAREI IR » SZREW
SR BRI EIRE SR B BIEN TR Feith
TIRABUARR @S - K - FEKIEER TR
R EERAT o fEH—ZHRRA - LRI
et F 7 BBl A {4 IR - 48 B R A B AN (R 7 2 B 52
2 FEE IR R L S E RN R] - HRE)
R thpE e oo 5 FLBRTPRI/KER T EE R ERE
BN AR R A S e B FE -
EFER R 2 TR 2 E (absorption )t K] 4= $EFERT AH
Ji% & AN ] 5 Fi AN 6] (Nielsen er al., 1972) ° [tk
Gh -+ R BRI EG H Y I (K] A BE ) (capillary
pressure)i 5 - FEHE/K (drainage)Eil i3 7k (imbibition)
HYEFR T - BT % (hysteresis effect)YEE4: -
A5 RBATIG IR RErY pLEEE D TR - bt REl
MG N SRS » st 1A A YA
B BRI » 1S AR BTG A T e M By S 4
Ve B SR E e RS -

R BRI 7K J 7 B AR BOR 1 R BRI g 1
TSR EI S EHE 2R - KL - ACHIR AR

BRI P9 /K SCRF A R - i 2 EARRIE
IRIVEEAREGE T & - BATRYIRSTEE Y - fEIE
1S/ EEAREIT » KA 580 IR ORK R
(soil water retention curve)ETHEIEEHE o THEIR
7K AR T /K B (BB ) B B A AR
Bk - B ER BRI - REREIRETEL
SRR AR o3 SR BT R IS SR RE © ARIT %
RS IR RE T BT R AE Y 3 ROK B A2 7 RESY
Feor IR ARG B SET AR EIE - 5
H L BEEHSETRIMRIETL - BRTERE
41 - EHRE B Sk R BARIGIEME— - 4K
SR RE R A5 21 i T3 AR /K R o it
RE T ROK AR - (E(EB [EEFRE N 2 IRIK TR
Rf » IR EEE ) M T R B B R e R
BRI S NE B SRR B R
BT » H B REE USRI (R e R AR
A R SR I SR A T RS R 2 - Bl
A RER AR RN A » R T ER R
WO AN A] » T 5 BER BRI AR
R R T b5 (Kalaydjian, 1992; Manthey, 2006) ;
TEAETTARBARIE 13 RIGIT - BEIETT R 2= 5 (ht
SRR ) 5 BRI AT S B RIET T Ry
518 T e 12X e = 725 2 < 0 ) 7 i .2 .3
[ » TEA CO, BUKFRTERRIE N & 7K g i JBE
J18ME » KR R SR HEIERE S Ry 7

—51—



0.4 0.4
0.3 0.3
0.2 0.2
0.1 0.1
0 0
-60 -50 -40 -30 20 -10 0

Pressure head (h) cm. of water

1 BFRE - TEREERERAEARAE N AV IR RIK AR (S
B Topp £ A * 1967) °

5L o bR ZERIE AT IS - (AR E
REAER 1 T AT S 1519 26 AH IR e ) T A BE R A
FERAR - T A BNRESUE (dynamic effect) ik
HISC BN A & » HAONTR R B L R R
HITT R - TR AR KRR 2 -

i 5B R K R AR G E HE — B9 I SR Ry
Mokady B2 Low (1964) » i IHIRFZEaH - #5&
BHRESKHE T BT 1S A 8 7k i LS RE R 4Rk
HHFR A RN 22 - Topp AR 1967 F£F D
FEE R EFRE (static) ~ TERE(steady state)EiFRE
(transient)REE T Ay -3 Rk Bhify - EAFoCae i
REARRE T 2 Bk B LR g g B IR/ Hhfny 2
E(E 1) © Smiles FEA(197 D[RS EIDFEHEITE
Ba o IHSURSREUR » TR TSRz ARk
HEARRE G AR A IR 22 52 » (A — i dha B iR
BRI EESE 7 cm DL ERYZERR - Vachaud
2 K(1972)8i Stauff (1978)31T 7 HEIIIEE S5
Al ERERE K EES - BRI BRE TR
AR ST A ERRE N Z MR T + 1 Stauff (1978)
2 1 R EE H B RE SR T 9 AR B R g AH 7K T
1 35 4 (k) Bl B L (S) ] & B % (ke-S)
Hassanizadeh 8 Gray /2 1990 & 1993 fEFEHZ)
B EEE BB BT RE MR I BiER - 2
A7 - AR K B AR BR T B 2 i R S AR R
HRASL - JREE A B /KB B A ) Bk =
b SR -

Ty SEE — A PRET B 43 A7 B RE SR S5 1 3

TRK AR E A A2 » T LB G B R
E—DRIRRE - RITOREE A RS = NAEE
Bt  TRIREUE N TR GUK IR BT - R
13 B 5 (time domain reflectometry, TDR) ~ F-#
SRITET ~ IRETERIES S e /K 2 e 0
SLEENROFER A » T TR A i R 1k
R/ NS - BRETEARIRE )] ~ TIRERIRE - &
7Kk EAM bR B REA R 2 AHRR M -

—_F ¥

2.1 ERREBABNREEME S

TERG AL AR BRI (AR PRI FLER A B R
F > EHIER S (capillary) i b BEERT At  H
REE R EIRSHIIRE R B5MRE 5%
H e DA R AR DA 2 AR i 2
b - Bkl @ SRz 2 &5 A3 EH
Bear B Verruijt fA 1987 fEATigH - #FEEHIES]
il SRARAN R ] B ARE TR A 1) ¢

) Ly (1)

Arhe P B P oy Ry BRI AR RS B R AR
HEMVERE ST » P R EMlRE )T - S AUk AR
HRAREAIES - TR B AGERAE R - R
TR ELR R FEHUIRRER R - FrfSE Ry K ik
ZR RGN EAHIE] - [RIER  RsBEis SURE © AR
TTUR /K BEHE/K Al e SO S By - S
FRAE VARG N HETT B - (KRR < RoiFREE
TR (static hysteresis) » A0 ATZ FEEARIE L3R
(rate of change of saturation) °

1E % & Bl 78 25 FE N i B R R LR
Hassanizadeh # Gray (1990)}% Kalaydjian (1992)
e RE B B B % AR e T R S B
SPEETERS - PR HEFRREENRE R IE MR =
5o 1 S

T [ % F— o
° ot

Ao P R EFRBEFIVEMIRE ST -« RBRERF
(dynamic coefficient) * S, EEHFIE - BFERT-IE
—EfH - RATRIERIRKEL - oS,/0r R EBEFIERE

—52—



2 TDR RfEEEE

HFERY3{E3R - Hassanizadeh ZE A (2002)f8H » 1]
3% v R—IEE - FEHKIRIE T - BRI RERFR
R EARE/NAZ - BIRETEAER KR AFREEA
JBRJ7 s AE /KA ERE D - BRI R RER R bR
RERIAEE » HEIFEIRETEATER S HI&/ MR REEA
JEJ7 -

2.2 BRI R GHE

TDR Ry — e JF A 32 1 A St Bk Py 3 s 0
ik REOME R RS R AR A B - ok
1M AR TR I - TDR 247518 —EHaR E
A2 A B IR S G (20 kHz~1.5 GHz) »
B RGP RRR Y - BIFE A — [BIHEHSR
AUSERER S I+ FEH AT IEIaE R AR R - Wi
1SFRFHIYE 2 B EMRE I - TDR {8l Ry —HE (3R
R+ {eRiiy o P Mg IR (P A ek ] i A B < G R
HIZSH » ARWFFERT#E 2 TDR 3By Campbell
Scientific ZAFIFTZEEERT TDR100 » &AM LS
B 7E 4E 2% (pulse generator) ~ S BR AR 23
(sampler) ~ 7Rz 2% (sampling oscilloscope) * [El¥iHZE
#% (coaxial cable) Jz <&@ FE5H (probe) « HRFTRGZE(L
Z TDR g3t - CKFERREARS - SEERER
PR A HE TR G - TDR100 FrFEECAYEETE Fy
SR AIFSEAT R EEEE S R 15 om0 H

At Dl Bt 2

TDR =l - /KR FEFEHI
Fh S0 - SERE A AT B 5 B (dielectric constant) [Tl
#efm I EkE - B LESKEAMERL
ISR D A & VIV AE S (FST e N R
WM EHBC AR » KATHES TS Sk E -
I H B A F B BB B A i T R R
(apparent length, La)[fi3K75 » iS22 /188 5 $fi
By SEE B (apparent dielectric constant) * H:
JEE A AR S

5
e =| £
“\2L
A g, iR M ¢ ROt L RRGHIZRR
& o ¢ R BAERMEORI ] - iR ES

_ct

L, S e 4)
B RAXG)EF I REIGSATT -
LY
&, = (Tj ................................... (5)

(5)H - EAREER R CURNE - Rt AT IS
TR A » BIRKRE E R - RREZEE
TUEACEHFIGE TDR 7Rz o ATS 212 R s 58
JEmEE] - HalREZ FET KL O HEE
HRHSEET TFIRE » DA A R IR FAG I o itz

THENEHEBEEZHEKE - R
RE~ R~ S FLBRRERE - AT ER
P A K R B AR - HERERZ
FHERAGR » BNV SRIG AT 2 TR Sk &
() BB I F U Topp A 1980 SEFEFRA3H

/A=W
0=43x10"°g’ -5.5x10"¢’
+2.92x107%¢, —0.053

— ( EFFASNLE
= - BEBsEE

oM BN RE e I T B R ARoK iR 52
8 ARsTERE N EEEI TR - KEHA

—53—



&1 WHEBRMERMNEMA ERYIERIE

H AR T e P2

#242 (mm) 0.1-0.21 0.25-0.5
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